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STRUCTURAL TESTING OF  








The objective of the research is to develop an alternative lateral bracing system 
comprising corrugated sheet steel shear walls for use with light-framed cold-
formed steel buildings.  The key element of this structural system is the 
corrugated sheet steel shear wall: the lateral load resistance of this structural 
element originates with the shear strength of the corrugated sheet steel and the 
shear resistance of the screws connecting the sheeting to the cold-formed steel 
framing.  To establish a design basis, a total of 44 cyclic racking tests were 
conducted to establish the relation between corrugated sheet steel shear wall 
design parameters, such as gauge of the sheet steel, gauge of the cold-formed 
steel framing, size and spacing of the fasteners, and the shear strength of the 
wall.  The results of these tests are presented.  Furthermore, system-level R, Cd 
and Ω o values consistent with the test results are proposed for adoption into 
design codes.  Finally, a design table listing the nominal shear strength values 
for corrugated sheet steel shear walls is provided.  The primary users of the 
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The objective of the research is to provide practicing engineers with an 
alternative lateral bracing system which is stronger, more flexible, and less 
expensive than the traditional bracing systems currently available for use with 
light-framed cold-formed steel construction.  This research project will provide 
the basis for developing a shear wall design table listing the nominal shear 
values for wind and seismic forces for shear walls framed with cold-formed steel 
studs and sheathed with corrugated sheet steel.  In keeping with the terminology 
used to describe shear walls in the International Building Code, the low profile 
metal deck tested is referred to as “corrugated sheet steel”.  The term 





Cyclic testing was performed on 44 wall specimens.  To understand the 
structural capabilities of the corrugated sheet steel shear wall (CSSSW) system, 
six design parameters were selected to vary during the tests: 1) gauge of the 
corrugated sheet steel, 2) gauge of the studs and tracks, 3) fastener type/size, 4) 
fastener spacing for attachment of corrugated sheet steel, 5) inclusion of gypsum 
board on one side, and 6) applying the corrugated sheet steel on one or both 
sides of a wall specimen.  The cyclic tests provided information about the cyclic 




The test apparatus (see Photo 1) consists of a Reaction Frame, a specimen Test Frame, and 
attachment plates.  Because of the large number of specimens to be tested and the large 
variations in applied forces, it was decided to design the Test Frame with a reusable 
holdown system that would accommodate forces up to 100-kips  (445 kN) to insure the 
holdowns would not fail.  This approach deviates from the traditional method of having 
discrete holdowns and boundary elements in each specimen to simulate in-situ conditions as 
closely as possible.   Typically, double studs with Simpson holdowns are used.  Given the high 
shear capacity of the  CSSSW system, double angle holdowns are used in the Test Frame to 











Test Acceptance Criteria 
 
The test acceptance criteria used to develop the data for this report are based in part on 
AC154 (March 2000 edition, editorially revised July 2005), Acceptance Criteria for 
Cyclic Racking Shear Tests for Metal-Sheathed Shear Walls with Steel Framing and in 
part on AC130, Acceptance Criteria For Prefabricated Wood Shear Panels.  The AC 
154 protocol was used to test the panels while the AC 130 protocol was use to establish 
the nominal shear values for the panels.  See Acceptance Criteria Discussion section 
for explanation on why the two acceptance criteria were used. 
The cyclic displacement protocol used is based on ATC 154.  The loading sequence 
consists of both stabilizing cycles and decaying cycles.  The loading velocity varied 
between 0.16 in/sec (.4 cm/sec) and 1.92 in/sec (4.9 cm/sec) during each of the tests.  
Each test was ended with a final 5” (12.7 cm) + and 5” (12.7 cm) – excursion which 





The amplitudes of the displacement cycles were defined in terms of the Approximate 
Elastic Displacement (AED), the first significant change to occur in the applied force-
displacement response of a monotonic or cyclic test of the shear wall.  To estimate the 
AED for this research, a CSSSW specimen was subjected to the AC154 loading 
sequence with the AED set at 0.8 inches (2 cm) and using a constant loading velocity 
of 0.1 inches per second (.25 cm/sec).  The new AED, which was used for all 
subsequent tests, was determined by noting the displacement at the first yield-point 




The applied force and displacement response of each CSSSW specimen was measured with 
load cells and potentiometers.  The AC154 testing criteria stated the minimum requirements 
for the quantities to be measured: lateral in-plane displacement at the top of the wall, uplift and 
compression at the bottom corners of the wall, base slip, and applied racking load.  The 





A total of 44 specimens were tested between October and December of 2006 at the 
Davis Hall Structures Laboratory at the University of California, Berkeley.  40 of the 
specimens measured 4’-0” wide (1.22 m) by 8’-2” high (2.49 m) while 4 of the 
specimens measured 4’-0” wide (1.22 m) by 2’-0” high. (.61 m) 
 
Listed below is a summary of the parameter variables: 
1.  Corrugated Sheet Steel:  The corrugated sheet steel (metal decking) was 
provided by Verco Manufacturing Company.  The deck type used was 
Shallow Vercor fabricated from G90 galvanized steel conforming to ASTM 
A653, Grade 50.   Three gauges of decking were tested: 22 gauge (.71 mm), 
20 gauge (.88 mm), and 18 gauge (1.15 mm).  
 
2.  Studs and Tracks:  Generic studs and tracks manufactured per the Steel 
Stud Manufactures Association (SSMA) were used.  Four sizes of studs, with 
matching tracks, were tested:  362S162-33, 362S162-43, 362S162-54 (50 
ksi), and 362S162-68 (50 ksi). 
 
3.  Fasteners:  Three types of fasteners were tested:  generic hex head self-
drilling screws, a proprietary hex head self-drilling screw by Dynamic 




Fastening Systems.  The generic hex head screws tested included #10-16 x 
¾”, #12-14 x 1 ¼”,  and #14-20 x 1 ½”.  The Fenderhead screws tested 
included #12-14 x 1 ¼” and #14-20 x 1 ½”.  The pin tested was a .1” 
diameter x ¾” long x ¼” flat T head. 
 
4.  Fastener Spacing:  Due to the decking profile, the spacing of the 
fasteners was limited to a 3” (7.62 cm) module.  Fastener spacing at 
boundaries, seams (horizontal), and field (vertical) were tested at either 3” 
(7.62 cm) on center or 6” (15.24 cm) on center. 
 
5.  Gypsum Wall Board:  5/8” (1.59 cm) gypsum wall board was applied 
over the corrugated metal decking on two specimens to evaluate its affect on 
the strength and stiffness of the specimen.  The gypsum wallboard was 
attached to the decking with #6 screws spaced at 6” (15.24 cm) on center at 
panel edges and the field. 
 
6.  One Sided and Two Sided Panels:  Two specimens were tested with 
sheathing on both sides of the panel. 
 
See Table 1 for the Group/Specimen Matrix which lists all of the 
parameters for each specimen tested. 
 
 
Specimen Force-Displacement Curves 
 
Data analysis was carried out in accordance with section 3.3 of AC154 with the 
exception of section 3.3.5, in which case the first hysteretic loop of the last set of 
stable hysteretic load/displacement loops was used in accordance with AC130 
rather than the second hysteretic loop.  See Test Acceptance Criteria Discussion 





















A computer program was written to process the data and plot the graphs.  A 
force-displacement curve was plotted for each specimen. Figure 1 is 
representative of a typical specimen.  
 
 






The specimens were organized into groups according to construction type.  A 
total of 24 groups were identified.   In accordance with section 4.3 of AC154, a 
minimum of two identical wall assemblies of a given construction had to be 
tested.  Of the 24 groups, 10 did not have a minimum of two specimens and 
therefore served only a limited use.  Of the remaining 14 groups, the data from 7 
were used to develop the final nominal shear values.  The number of specimens 
in each group varied from 2 to 4.  Groups 19, 35, and 36, which had only one 
specimen, where used to evaluated the affects of gypsum board and double sided 





Group Backbone Curves 
   
In accordance with sections 3.3 and 4.3 of AC154, the test data for the specimen 
groups was averaged.  A computer program was written to analyze the data and 
plot the backbone curves. Backbone curves for each group were plotted.  Figure 
2 is representative of a typical group.  
 
 








Of interest is the failure mode of the specimen panels.  In all cases, the failure mode was the 
eventual “popping” out of the screws due to warping of the corrugated sheet steel.  It was 
found that as the panels cyclically deformed, the screws would eventually gouge elongated 
holes in the metal studs and/or sheeting due to racking shear.  As the inter-story drift increased, 
warping of the corrugated sheet steel became more pronounced and simultaneous diagonal 
tension and compression fields developed across the panel.  As the holes in the studs enlarged, 
the tensile capacity of the screws was reduced and eventually the screws failed in tension due 
to the warping of the corrugated sheet steel and “popped” out.   
 
It is also interesting to note the location of the screws that first “popped” out.  In all cases, the 
first screws to “pop” out were located in the boundary members.  The location of the screws 
that “popped” along the boundary members was random.  The locations varied from top to 
bottom on both the left and right boundary members.  The screws fastened into the top track, 
the bottom track, and the horizontal seams were never the first to fail.  
 
Horizontal Seam Lap Splice 
The corrugated sheet steel was installed with the corrugations running horizontally.  
Two horizontal seams were required to construct a typical specimen.  Adjacent sheets 
were overlapped one corrugation and fastened together with screws of the same size 
and spacing as the boundary condition.  Based on the test results, it was concluded that 
no special blocking is required at horizontal lap splices.  
 
Vertical Seam Splice 
 
Although no vertical seam splices were tested, the authors believe this is an important detail 
that should be discussed.  The vertical seam splice can be butted at the center line of a vertical 
framing member, it can be lapped, or in the case of prefabricated wall panels, two panels could 
be joined by fastening studs together.  In any case, this splice is a boundary condition and 
fasteners should be spaced at the same spacing as all panel edges. In discussing the splice 
options with a contractor, their preference was to lap the sheets between the studs rather than 
butt them at the stud because the lap splice would require half the number of screws.  The lap 
splice should be sufficient length to insure development of the shear capacity of the fastener, 
say 1” minimum.  As in the case of the horizontal lap splice, it was concluded that no special 







Gypsum Board Sheathing 
 
Three of the specimens were sheathed with 5/8” (1.59 cm) gypsum board.  The purpose 
of adding the gypsum board was to evaluate how it affected the strength and stiffness of 
the test specimen compared to a similar one without gypsum board.  A comparison of the 
backbone curves for the three specimens compared to similarly constructed specimens 
without the gypsum board (Group 1 vs Group 2 and Group 3 vs Group 4) shows little 
difference between the groups.  Based on this comparison, it appears that the addition of 
gypsum board to a wall sheathed with corrugated metal sheet will not materially change 




To represent the affect of adding electrical outlets, light switches, plumbing lines etc. to an actual 
wall panel, three of the test specimens had openings cut in them.  Specimen 24 had a 4” (10.16 
cm) diameter hole cut in the upper left hand corner of the panel.  Specimen 25 had a 2” (5.1 cm) 
by 4” (10.16 cm)  hole cut in the lower left hand corner of the panel.  Specimen 42 had a 4” 
(10.16 cm) diameter hole cut in the upper left hand corner of the panel an To represent the affect 
of adding electrical outlets, light switches, plumbing lines, etc. to an actual wall d a 2” (5.1 cm) by 
4” (10.16 cm) hole cut in the lower left hand corner of the panel.  Field observation noted that the 
panels warped around the holes with no affect on the overall performance of the specimens.  
 
Double Sided Walls 
 
To determine the affect of adding the corrugated sheet steel to both sides of a specimen, 
two specimens were tested.  Specimen 35 (Group 5) was constructed using 20 gauge 
(.879 mm) studs and 22 gauge (.719 mm) corrugated sheet steel to represent a more 
lightly loaded wall while Specimen 36 (Group 15) was constructed with 16 gauge 
studs and 18 gauge corrugated sheet steel to represent  a more heavily loaded wall.  
When comparing the results of Group 5 to Group 3, of similar one sided construction, 
and the results of Group 15 to Group 14, of similar one sided construction, it was 
found that the double sided specimens achieved allowable strengths that are basically 
double those of the one sided specimens.  Based on these results, it was concluded that 








Aspect Ratio (h/w) 
In order to determine the slenderness affects on the CSSSW system, four 24” (61 cm) wide 
specimens were tested.  These include Specimens 37 and 38 (Group 10) and Specimens 39 
and 40 (Group 17).  Group 10 was constructed using 16 gauge (1.44 mm) studs and 22 gauge 
(.719 mm) corrugated sheet steel to represent a more lightly loaded wall while Group 17 was 
constructed with 16 gauge (1.44 mm) studs and 18 gauge (1.15 mm) corrugated sheet steel to 
represent a more heavily loaded wall.  When comparing the results of Group 10 to Group 8, 
48” (122 cm) wide panels of similar construction, and the results of Group 17 to Group 16, 
48” (122 cm) wide panels of similar construction, it was found that the 24” (61 cm) panels are 
slightly stronger than the 48” (122 cm) panels from a force standpoint; however, from a 
deflection standpoint the allowable shear values drop substantially due to the flexibility of the 
panels.  This is to be expected.  The code addresses this issue by requiring the allowable 
strength of a panel to be reduced when the aspect ratio exceeds 2:1.  The authors believe this is 




The CSSSW system relies heavily on the proper design of the holdown system.  If the 
boundary members are not designed correctly, the wall panels will not be able to achieve the 
assumed ductility implicit in the assigned R value for the system.  The design of the boundary 
members is addressed in Section CS, Special Seismic Requirements, Standard For Cold-
Formed Steel Framing – Lateral Design – 2004.  Of note to the reader is the potential 
magnitude of the holdown forces for the CSSSW system.  The nominal shear strength of the 
corrugated sheet steel shear wall is two to three time higher than other conventional systems.  
Holdown forces in the range of 150-kips (668 kN) to 200-kips (890 kN) can be expected in a 
taller building.  
 
Test Acceptance Criteria Discussion 
 
The AC154 Acceptance Criteria was developed to test metal-sheathed shear walls with 
cold formed steel framing.  It is based in part on a document prepared by the Structural 
Engineers Association of Southern California entitled “Standard Method of Cyclic 
(Reversed) Load Test Shear Resistance of Framed Walls for Buildings” which was first 
published in 1996.  This document established a sequential phased displacement load 
procedure which was carried over into AC154 as the Cyclic Load Test Protocol with 
only minor modifications to the last six cycles.  Since each incremental step is cycled 
through four times, the data allows one to plot four separate backbone curves.  The 
nominal shear strength is based on the yield strength of the second cycle backbone curve.  
The AC 154 acceptance criteria were chosen because the wall assemblies described in 




processing portion of the research, the authors learned that the AC 130 protocol, which 
was developed for prefabricated wood shear walls, had become the consensus protocol 
for testing light-framed walls sheathed with either wood or sheet steel. 
 
The AC130 Acceptance Criteria was developed as part of the CUREE/Caltech Woodframe 
project (Krawinkler et at., 2000) and incorporates portions of AC154.  The primary difference 
is that the AC154 criteria define the yield load as the strength of the element bases on the 
second-cycle backbone curve while the AC130 criteria define the ultimate capacity as the 
strength of the element based on the first-cycled backbone curve.  The AC 130 Cyclic Load 
Test Protocol was shortened from the 72 cycles required in AC 154 to 40 cycles and does not 
repeat cycles. 
 
The authors chose to determine the nominal strength of the panels based on Section 
5.2.4 of AC 130, which uses the first-cycle backbone curve of the cyclic load testing 
to establish force levels.  This approach proved to be much simpler than the AC 154 
method and is consistent with other research currently being done.  
 
Seismic Response Parameters R, Ωo, Cd 
 
The relevant factors that determine the design strength of seismic force resisting 
systems consist of the Response Modification Coefficient (R), the Deflection 
Amplification Factor (Cd), and the System Over-strength Factor, (Ω o). Establishing 
appropriate values for these parameters relies somewhat on engineering judgment to 
maintain a consistent and rational relationship between both actual test results and the 
historically accepted codified values.  
 
To better understand the reasoning behind assigned values, the following documents were 
reviewed:  “Ductile Design of Steel Structures”, Sections C105.2 and C105.3 from the 1999 
Blue Book, including Figure C105-2, Article 4.01.010, dated September 2006 from the on line 
Blue Book, Chapter 5 Commentary of the 2000 edition of NEHRP Recommended Provisions 
For Seismic Regulations For New Buildings And Other Structures, and the 
Recommendations for Earthquake Resistance in the Design and Construction of Woodframe 
Buildings, Part 2 – Commentary from the CUREE-Caltech Woodframe Project.  These 
documents outline the derivation of the seismic response parameters, describe the relationship 
between the assigned values and anticipated structural response, and highlight the 
inconsistencies between values assigned to different systems.  
 
ASCE/SEI 7-05, “Minimum Design Loads for Buildings and Other Structures,” assigns 
light-framed bearing wall systems using wood structural panel or steel sheathing a R 
value of 6.5, a Cd value of 4.0, and an Ω o value of 3.0.  Since the CSSSW system is a 




sheathing rather than flat metal sheathing or plywood sheathing on wood studs), an 
evaluation of the seismic response factors was done to see if they were appropriate for the 
CSSSW system.  A R value of 6.5 and a Cd value of 4.0 were assigned to determine the 
controlling shear forces and associated drifts per the AC 130 protocol.   A review of the 
data found that all 7 groups used to develop the Nominal Shear Strength were controlled 
by the drift limit.  Further review of the data found the Cy/Cs values ranged from 1.84 to 
2.24 versus the assumed value of 1.79 (2.5/1.4 = 1.79).   
 
To provide a comparison, the R value was lowered to 5.5 , the Ω o value was lowered to 
2.5, and the Cd value was lowered to 3.25 and the controlling shear forces and associated 
drifts were again determined per the AC 130 protocol.  A review of the data found that of 
the 7 groups actually used to develop the Nominal Shear Strength, 6 of the groups were 
controlled by the ultimate load limit while only 1 was controlled by the drift limit.  For 
the drift controlled group, the Cy/Cs value was 1.89 versus the assumed value of 1.79 
(2.5/1.4 = 1.79).  It was observed that lowering the R and Cd values as noted shifts the 
walls from drift controlled to force controlled and more accurately predicts the over 
strength factor. 
 
An alternative method to determine the seismic response parameters is being developed by the 
Applied Technology Council.  The document, Quantification of Building Seismic 
Performance Factors, ATC 63 Project Report, is currently in 90% draft form.  This 
methodology utilizes actual test data to determine the non-linear response of archetype 
buildings.  Professor Greg Deierlein of Stanford University evaluated the corrugated metal 
shear walls per ATC 63 and compared the results with similar archetype buildings developed 
to evaluate wood shear walls.  The evaluation found that the two systems performed similarly 
for the 2 story archetype building while the wood buildings performed somewhat better for the 
5 story archetype building.  Assuming all things equal, this suggests that the wood building has 
a slightly higher ductility.  Professor Deierlein concluded that “neither the wood panel nor the 
corrugated steel panel archetypes pass the criteria to justify the R-values of 5.5 and 6 used in 
the designs.”  He further states “Thus, strict adherence to the ATC 63 criteria would dictate that 
lower R-values, probably on the order of 3 to 4, should be used for design.”  The ATC 63 
Project Report found that when gypsum wallboard is added to the plywood shear walls, a R 
value of 6 could be justified per the methodology. 
 
Based on the findings of the ATC 63 study and the observations noted above, the authors are 
proposing a R value of 5.5, a Cd value of 3.25, and a Ω o value of 2.5 be assigned to the 
corrugated metal shear walls.  This stays in keeping with the R value of 6.5, the Cd value of 4.0, 
and theΩ o value of  3 assigned to light-framed bearing wall systems using wood structural 






Conclusion   
The authors recommend that the CSSSW system be added to Table 12.2-1, 
Design Coefficients and Factors For Seismic Force-Resisting Systems of ASCE 
7-05, classified as a Bearing Wall System utilizing light-framed cold-formed 
steel walls sheathed with corrugated sheet steel and have the following design 
parameters:  
Response Modification Factor (R) = 5.5 
   System Overstrength Factor (Ω o) = 2.5 
   Deflection Amplification Factor (Cd) = 3.25 
 
The authors also recommend that Table 2 be added to AISI S213-07: North 






Appendix – Notation 
 
Response Modification Coefficient (R). 
Deflection Amplification Factor (Cd). 





Table 2 Nominal Shear Strength for Wind and Seismic 
Loads 
 
 
